
;LMe3eMZJ,H6TZ044 December 2002   SINGLE PHASE THREE SPEED MOTOR WITH
SHARED WINDINGS FIELD OF THE INVENTION This invention relates to a single
phase three-speed induction motor, and in particular to such a motor in
which a substantial portion of the windings are shared for operation in
different speeds. BACKGROUND OF THE INVENTION Multispeed pole-changing
single phase motors typically comprise separate windings for operation at
each speed. For example, in the case of a three speed induction motor, the
stator might include an eight-pole main winding for operation at low speed,
a six-pole main winding for operation at medium speed, and a four-pole main
winding for operation at high speed. A separate auxiliary winding is often
provided for starting the motor. This auxiliary winding is typically a
four-pole winding for so-called "hard" starting. In these motors, only a
small portion of the windings, the coils under one pole are shared for
operation at different speeds. The application of different approaches for
winding sharing in the prior art is limited by complicated reconnection
which substantially increases the motor cost. See for example, Parks, U.S.
Patent No. 3,887,854 on a multi-speed motor, and Stout, U.S. Patent No.
3,350,G14 on a multi-speed inducttve electric motor. To accommodate a large
number of wordings in the limited slot size the windings typically are made
of copper) which is relatively expensive.   4 December 2002 2 SUMMARY OF
THE INVENTION The present invention relates to a three speed, pole changing
single phase capacitorstart or split phase induction motor in which a
substantial portion of the windings for the various speeds are shared
through a simple winding reconnection. This leaves more room in the slots,
and allows bulkier but less expensive materials (such as aluminum) to be
used for the windings. More particularly, the motor of the present
invention comprises a stator, and a rotor rotatably mounted within the
stator. The stator comprises a core, which is conventionally made of a
stack plurality of laminations of a magnetically permeable material. The
core has a plurality of slots therein for receiving the windings. According
to the present invention, these windings include a first winding, having
four coil sections; a second winding having two coil sections; a third
winding having two coil sections; a fourth winding having six coil
sections; and an auxiliary starting winding having six coil sections.
Shared winding techniques have been proposed before. However, the
feasibility of such techniques largely depends on the simplicity of the
winding reconnection. The winding configuration of the present invention
used the existing starting switch and requires only one additional single
pole, single throw contact from a switch outside the motor) such as a
timer, relay, electronic switch) etc. As compared with separate winding
motors this is very easy and inexpensive to implement. The windings are
connectable to operate in a four pole high speed configuration, a six pole
medium speed configuration, and an eight pole low speed configuration. More
particularly the first winding, the second winding, and the third winding
are arranged in the slots so that they can be connected to operate in a
four pole conventional configuration. The second winding and the third
winding are also arranged in the slots so that they can be connected to
operate in an eight pole consequent configuration. The fourth winding is
arranged in the slots so that it can be connected to operate in a six pole
conventional configuration. Lastly) tire auxiliary winding is arranged in
the slots so that it can be operated in a six pole conventional
configuration during start-up of the motor. Because in this preferred
embodiment the windings for eight pole operation are fully shared with the
windings for four pole operation, there is extra room in the stator slots.
This allows a bulkier but lighter material, such as aluminum) to be used
for the windings instead of a more compact but heavier materials such as
copper. Thus the resultant motor is significantly lighter, not just because
of the elimination of a separate winding for operation in the eight
pole-mode) but because the space freed up by the elimination of the
separate eight pole winding allows a lighter material to be used for the
remaining windings. Furthermore, aluminum is considerably less expensive
than copper, so the motor is less expensive to manufacture.   4 December
2002 WO 99I63645 



3 These and other features and advantages will be in part apparent, and in
part pointed out hereinafter. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a
schematic diagram of a three speed single phase electric motor constructed
according to the principles of this invention; Fig. 2 is a winding diagram
of the motor; Fig. 3 is a winding diagram of the motor, illustirating the
first, second, and third windings connected to operate in a four pole (high
speed) mode; Fig. 4 is a winding diagram of the motor, illustrating the
second and third windings connected to operate in an eight pole (low speed)
mode; Fig. 5 is a winding diagram of the motor, illustrating the fourth
winding connected to operate in a six pole (medium speed) mode; and Fig. 6
is a winding diagram of the motor, illustrating the auxiliary winding
connected to operate in a six pole starting mode. Corresponding reference
numerals indicate corresponding parts throughout the several views of the
drawings. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT A three speed,
single phase electric motor constructed according to the principles of the
present invention, indicated generally as 20, is shown schematically in
Fig. 1. The motor 20 comprises a stator of conventional construction formed
of a stack of (aminahons of a magnetically permeable material, with a
plurality of slots for holding windings. The motor 20 comprises a first
winding 22 having four coil sections, a second winding 24 having two coil
sections, a third winding 26 having two coil sections, and a fourth winding
28 having six coil sections. The motor also has an auxiliary winding 30
having six coil sections for start up. As shown in Fig. 1, the first coil
22) the second coil 24, and the third coil 26 are arranged to be connected
to a power supply to operate in a conventional four pole (high speed) mode.
The second coil 24 and the third coil 26 are also arranged to be connected
to a power supply to operate in a consequent eight pole (low speed) mode.
The fourth winding 28 is configured to be connected to a power supply to
operate in a conventional six pole (medium speed) mode. Lastly) the
auxiliary winding 30 is configured to be connected to a power supply during
start-up with the Fourth winding 28, to start the motor. In this preferred
embodiment, all of the windings for operating in the eight pole mode
(windings 24 and 26) are windings that are also used to operate in the four
pole mode, no separate winding is provided to operate in the eight pole
mode. This means that there is additional room in the slots in the stator
as compared to other three speed motors. This  



4 December 2002 4 additional room facilitates manufacture of the motor, and
it allows bulkier but less expensive materials such as aluminum to be used
for the windings instead of the more expensive copper to reduce the
material cost and the motor weight. The configuration of the winding to
operate in the four pole (high speed); six pole (medium speed)) and eight
pole (low speed) modes) is achieved by switches 32, 34 and 36, which are
preferably external to the motor. Switch 32 operates between a first 6 pole
position, and a second 4 pole/8 pole position. Switch 34 operates between a
first 4 pole position and second 8 pole position. Switch 36 operates
between a first 4 pole position and a second 6 pole/8 pole position. A
starting switch 38 is also provided to temporarily connect the six pole
main winding 28 and the auxiliary winding 30 to power to start the motor.
The physical arrangement of the windings in the slots in the stator is best
shown in Figs. 2-6. As shown in Figs 2-6) the stator core 40 has a
plurality of slots (a total of 34 as shown). The first winding 22 comprises
four coil sections 22a, 22b, 22c, and 22d, connected in series such that in
4-pole operational mode when the coil sections 22a and 22c form north
poles) the coil sections 22b and 22d form south poles. The second winding
24 comprises two coil sections 24a and 24b, connected in series. The third
winding 26 comprises two coil sections 26a and 26b, connected in series. In
4-pole operational mode) the winding 24 and 26 are in parallel and both of
them together are in series with the winding 22. The winding 24 is
positioned in the slots) such that coil section 24a is aligned with coil
section 22d and coil section 24b is aligned with coil section 22b. The coil
sections 24a and 24b are configured, so that when they are powered in
4-pole operational mode, they will have the same polarity as the coil
sections 22d and 22b with which they are aligned. Likewise, the coil
sections 26a and 26b are aligned with coil sections 22c and 22a)
respectively. The coil sections 26a and 26b are configured, so that when
they are powered in 4-pole operational mode) they will have the same
polarity as the coil sections 22c and 22a with which they are aligned. In
this configuration, the first, second) and third windings cooperate to
operate in a conventional four pole mode, with the coil sections 22a and
26b forming a north pole, the coil sections 22d and 24a forming a south
pole, coil sections 22c and 26a forming a north pole) and coil sections 22b
and 24b forming a south pole. The first) second, and third windings are
connected for operation the four pole (high speed) mode, when switch 32 is
in the 4 pole/8 pole position, switch 34 is in the 4 pole position, and
switch 36 is in the 4 pole position. This configuration is shown in Fig. 3,
in which the coil sections forming a north pole are hatched and the coil
sections forming a south pole are cross-hatched. The second and third
windings 24 and 26 are also connected in series, and when   4 December 2002
powered in series, the coil sections 24a and 24b of the second winding, and
coil sections 26a and 26b of the third winding all form poles in the same
direction) in this case north, which forms an eight pole consequent
winding. When the second and third windings 24 and 26 are connected and
powered in series, the coil sections 24a and 24b of the second winding and
the coil sections 26a and 26b of the third winding all form poles with the
same polarity, (for example all north), which forms an eight pole
consequent winding.  . The fourth winding 28 comprises winding sections
28a, 28b) 28c, 28d, 28e, and 28f. The coil sections are configured and
connected so that coil sections 28a, 28c, and 28e form south poles, and so
that winding sections 28b, 28d, and 28f form north poles. When the winding
28 is connected to power, the winding operates in a six pole conventional
mode. The fourth winding is connected for operation in the six pole (medium
speed) mode when switch 32 is in the 6 pole mode, switch 36 is in the 6l8
pole mode, and switch 34 is in either the 4 pole or 8 pole position. The
coil sections are arranged around the circumference of the stator to form
alternating poles. This configuration is shown in Fig. 5, in which coil
sections forming a north pole are hatched and coil section forming a south
pole are crosshatched. Lastly the auxiliary winding 30 comprises coil
sections 30a, 30b, 30c) 30d) 30e, and 30f. The coil sections are configured
and connected so that winding sections 30a, 30c) and 30e form south poles,
and so that winding sections 30b, 30d) and 30f form north poles. When the
auxiliary winding 30 and the fourth winding 28 are connected to power,
(caused by the operation of the starting switch 38) the winding operates in
a six pole conventional mode to start the motor. The coil sections are
arranged around the circumference of the stator to form alternating poles.
This configuration is shown in Figs. 5 and 6 in which coil sections forming
a north pole are hatched, and the coil sections forming a south pole are
cross-hatched. During starting the 6 pole main winding 28 and the 6 pole
auxiliary winding 30 are both energized. They are shifted in space by 90
electrical degrees or 30 mechanical degrees.   4 December 2002 6 What is
claimed is: 



1 A single phase, three speed induction motor comprising a stator and a
rotor rotatably mounted within the stator, the stator comprising a core
having a plurality of slots, and a plurality of windings (22,24,26,28) in
the slots for operating at at least three speeds, at least some of the
windings used in operating at one speed being used in operating at a second
speed. 2 The single phase, three speed induction motor according to claim 1
wherein the plurality of windings for operating at at least three speeds
include a first winding (22) having two coil sections and second winding
(24j having two coil sections, the windings arranged around the
circumference of the stator so that the coil sections from each winding
alternate, the first and second windings being connectable to operate in a
four pole conventional mode and in an eight pole consequent mode. 3 The
single phase, three speed induction motor according to claim 1 wherein the
plurality of windings include at least two windings (24, 26) each having at
least one coil section, the at least two windings being arranged to be
selectively connected to form a first number of conventional magnetic
poles, and a second number of consequent magnetic poles. 4 The
single-phase, three speed induction motor according to claim 1 wherein the
plurality of windings are configurable to operate in four, six, and eight
pole modes, and comprise: a first winding f22) having four coil sections; a
second winding (24) having two coil sections; a third winding (26) having
two coil sections; a fourth winding (28) having six coil sections; the
first, second, and third windings (22) 24, 26) being positioned and
connectable to operate in a four-pole conventional mode, and the second and
third windings (24) 26) being positioned and connectable to operate in an
eight-pole consequent mode. 5 The motor according to claim 4 further
comprising an auxiliary winding (30) having six coil sections for starting
the motor.   4 December 2002 6 The single-phase, three speed induction
motor according to claim 1 wherein the plurality of windings are
configurable to operate in four, six, and eight pole modes, and comprise: a
first winding (22) having four coil sections spaced around the
circumference of the stator and configured to create alternating poles; a
second winding (24) having two coil sections, each aligned with opposing
coil 



sections of the first winding; a third winding (26) having two coil
sections, each aligned with opposing coil sections of the first winding; a
fourth winding (28) having six coil sections spaced around the
circumference of the stator, and arranged to create alternating poles; a
first switch (32) having a 4/8 pole position and a 6 pole position; a
second switch (34) having a 6I8 pole position and a 4 pole position; and a
third switch (36) having a 4l6 pole position and an 8 pole position the
switches, when in their respective 4 pole positions connecting the first
winding in series with the parallel combination of the second and third
winding to operate in a four pole conventional mode) and when in their
respective eight pole positions connecting the second and third windings in
series to operate in an eight pole consequent mode; and when in their
respective 6 pole positions connecting the fourth winding to operate in the
six pole mode. 7 The single-phase, three speed induction motor according to
claim 1 wherein plurality of windings are configurable to operate in four,
six) and eight pole modes, and comprise: a first winding (22) having four
coil sections spaced around the circumference of the stator and configured
to create alternating poles; a second winding (24) having two coil
sections, each aligned with opposing coil sections of the first winding; a
third winding (26) having two coil sections, each aligned with opposing
coil sections of the first winding; a fourth winding (28) having six coy(
sections spaced around the circumference of the stator, and arranged to
create alternating poles; the first, second, and third windings being
configured to be connected to operate m a four pole conventional mode, and
the second and third windings being configured to be connected to operate
in an eight pole consequent mode.  



4 December 2002 s 8 The single-phase, three speed induction motor according
to claim 1 wherein the plurality of windings are configurable to operate in
four, six, and eight pole modes, and comprise: a first winding l22) having
four coil sections spaced around the circumference of the stator and
configured to create alternating poles; a second winding (24) having two
coil sections, each aligned with opposing coil sections of the first
winding; a third winding (26) having two coil sections, each aligned with
opposing coil sections of the first winding; a fourth winding (28) having
six coil sections spaced around the circumference of the stator, and
arranged to create alternating poles; first and second switches for
selectively connecting the first winding in series with the parallel
combination of the second and third windings to configure the first,
second, and third windings to operate in a four pole conventional mode, and
for selectively connecting the second and third windings in series to
configure the second and third winding being configured to be connected to
operate in an eight pole consequent mode. 9 The single phase, three speed
induction motor according to claim 1 wherein, at least two of the windings
(22, 24) are used in their entireties to operate at at least two of the at
least three speeds, the at least two windings being connected to form a
first number of conventional poles in the higher speed, and being connected
to form a second number of consequent poles in the lower speed. 10 The
single phase, three speed induction motor according to claim 1 comprising
first, second, third and fourth windings (22, 24, 26, 28) in the slots for
operating at at least three different pole speed, the first, second, and
third windings being connectable in a first mode of operation to form a
first number of conventional poles; the second and third windings being
connectable in a second mode of operation to form a second number of
consequent poles; and the forth winding being connectable in a third mode
of operation to form a third number of poles, the first, second, and third
numbers all being different so that the speed in the first, second and
third modes of operation are different.   



4 December 2002 9 11. The motor according to claim l0, wherein the second
number of poles is double the first number of poles. 12. The motor
according to claim l L, wherein the second number of poles is eight) and
the first number of poles is four. .A.Al.A9.A.A.A
.Aa.A.A241F]vt"bFuA`szupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^aU]c<a]cRa]ca!(**,6.03333*5{57
y88.9D::i;y;
;.<<<=&=u===>~>}xsnid_Z]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!~>>>>:?I@@@mAAAFBeBBB)CAD
QDSDDE^EEEFOFnFFFLGH]HH/J{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca!/JLMMMMoMMMAFB
eBBB)CADQDSDDE^EEEFOFnFFFLGH]HH/J{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]]ca]ca]ca]ca]ca]ca]caF]>gE!$!
10%TT&'()-`$!10%T2&'()-`y
z10%T&'()--!S10%T&'()-!10%T&'()-!10%T&'()->rS49s10%&'()-9!10%&'()- 10ToTo
10ToTo 10ToTo!+!10%ToTo&'()-+!10%T&'()-!$!10%mm&'()-`|stuzXJ<4 10
10!l10%&'()-1!`l10%&'()-1!l10%&'()-1!!l10%&'()-1l10%&'()-1uvuV74,s10%m&'()-
,-10%m&'()- m10%m&'()-s10%m&'()-m10%m&'()-L!10%m&'()- 10t"bdE74,s
10%m&'()-10%m&'()- 10%m&'()-@ 10%m&'()-@,L10%m&'()-  10%m&'()-FuAdE74,s
Sg10%m&'()-10%m&'()- y10%m&'()- F10%m&'()- 



10%m&'()-Y10%m&'()-A`s}[M?1 10mm 10mm
10mm!`10%mm&'()-!`10%mm&'()-!`10%mm&'()-`10%m&'()-10%m#&'()- E"(^<M?1 10mm!
10%GG&'()-1! 10%GG&'()-1! 10%GG&'()-1
10%G&'()-1&s10%G&'()-9!10%G&'()-(e******+,rS1!10%mm&'()-3%10%m&'()-3%&!10%m
&'()- 10BB 10BB 10BB!` 10%BB&'()-1!`
10%G@G@&'()-1,6.0333333}oP1,&t10%\&'()-!10%\&'()- 10mm 10mm
10mm!`10%mm&'()-3%!10%mm&'()-3%!10%mm&'()-3%334*5{57g7dEoP1,&t10%m10%&'()-1
0%\&'()-s10%\&'()-``410%\&'()-`410%(&'()-L10%\&'()-g7y88.9^999dEoP1,&t10%'G
10%=&'()-s'G10%&'()-s'G10%&'()-s%Z10%\&'()-s$10%\&'()-`m10%\&'()-9D::f;g;h;
i;y;;bC,&t10%Sm10%G&'()-  10%G&'()- 10\ 10\ 10\Ly210%\&'()-@9
.10%\&'()-S'G10%\&'()-s;.<<<=&=u=dEbC,&t10% `10%G&'()-10%G&'()- 10%G&'()-,
10%G&'()- F10%G&'()-,310%G&'()-u===>b>>:?dEbC,&t10%` 10%G&'()-` 10%G&'()-
10%G&'()-10%G&'()- 910%G&'()-10%G&'()-:?I@@@mAAAdEbC,&t10% + 10%G&'()- 



)
10%G&'()-&10%G&'()--@#10%G&'()-!10%G&'()-:10%G&'()-AFBeBBB)C[CdEbC,&t10%310
%G&'()-- y2m10%G&'()-010%G&'()- S/10%G&'()--10%G&'()-
y,10%G&'()-[C>D?D@DADQDSDDEuV7YY10%H&'()-10%H&'()-lt10%H&'()-L!10%H&'()-
10GG 10GG 10GG!310%GG&'()--E^EEEFOFnFdEuV7YY`F10%H&'()-&10%H&'()-sl
10%H&'()-&10%H&'()-s
310%H&'()-99G10%H&'()-nFFFLGH]HHdEuV7YYL'10%H&'()-`10%H&'()-`Y10%H&'()-@&y1
0%H&'()-`10%H&'()-&10%H&'()-HI/JLLLLMMbCYls10%-u&'()-!10%-u&'()- 10H 10H
10HF% 10%H&'()-`10%H&'()-10%A&'()-MMMoMMMbCYls10%-u&'()-!10%-u&'()-
@10%-u&'()-@10%-u&'()-f 10%-u&'()-10%-u&'()- Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Fontu'0h8@AIJNPRTVXZ\^~>/JM0123>uA(,3g79;u=:?A[CEnFHMM456789:;
<=>?@ABCDEFGHI6Times New RomanArialCourier New"h Root EntryWordDocumentZ
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJK 


